This paper applies the Färe-Primont index to compute microfinance institutions' (MFIs') total factor productivity (TFP) indices and their six components (i.e., technical change, technical, scale and mix efficiency changes, residual scale and residual mix efficiency changes) using panel data of a cohort of 342 MFIs from 61 developing countries covering the period [2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013]. Results show that the MFIs are operating at a low level of productivity and the TFP is declining @ 1
Introduction
Microfinance is an important source of small financial services-e.g., small loans, micro-savings and micro-insurance-particularly for the poor. Microfinance institutions (MFIs), which provide microfinance services, mostly aim to adopt the standard principal-agent approach that potentially solves information asymmetry problems (e.g., adverse selection, moral hazard and strategic default) through innovative contract designs. Such loan contracts ideally mitigate pervasive problems of enforcement, screening and incentive associated with moral hazard and adverse selection (Armendariz and Morduch, 2010). Accordingly, microfinance is nowadays promoted as a key intervention for small businesses lacking access to mainstream finance (business microfinance) and also for improving the lives of vulnerable individuals (personal microfinance) (Pedrini, 2016; Cozarenco, 2015; Ledgerwood, 1998) . Greater access to microfinance services, therefore, is critical to ensure social and financial inclusion of the poor (Armendariz and Morduch, 2010).
MFIs need to increase their productivity since enhanced productivity over time allows MFIs to expand their services and higher productivity ultimately leads to greater organizational effectiveness (Bassem, 2014) . But, by and large, MFIs are constrained by double bottom lines. They have a social (poverty reduction) objective of increasing outreach and a financial objective of becoming selfsustainable. To meet the dual missions, MFIs now face several challenges that affect their efficiency and productivity (Rashid and Twaha, 2013) . For instance, MFIs need to focus more on their financial objective to be self-sustainable, but additional financial resources are required for their smooth functioning so that they can continue providing collateral-free small loans (Hulme and Mosley, 1996; Conning, 1999) . Again, keeping a balance between dual missions is difficult since it raises concerns for mission drift: increased profit-motivation may result in a change of focus on serving the very poor Usually financial ratios are analysed to measure performance, efficiency and productivity of MFIs.
To do so, either a parametric approach (e.g., Stochastic Frontier Analysis -SFA) or a non-parametric approach (e.g., Data Envelopment Analysis -DEA) is used. Both of these approaches, however, have some advantages and disadvantages. The parametric SFA technique measures relative efficiency of entities and the use of distance function in SFA allows for multiple-input-multiple-output settings.
However, SFA requires the specification of the functional form of the production structure, which is often difficult to determine. On the contrary, the non-parametric DEA approach measures relative efficiency by allowing for multiple outputs, but it does not require to specify any functional form of the production structure. Nonetheless, as the DEA is basically a deterministic technique, it does not account for the stochasticity of the data. Therefore, the results are generally biased and contaminated with noise. Furthermore, input price data play a very important role while measuring productivity and efficiency of an entity. Such data are of huge significance for MFIs, since most of these institutions operate in developing countries where input price markets are often not sufficiently developed to indicate reliable prices (Rahman and Salim, 2013; Thirtle et al., 2003) . Therefore, choosing an appropriate technique-DEA or SFA-is particularly important as it greatly matters in a developing country scenario.
To measure productivity, the Malmquist productivity index is widely used within the DEA framework. Many authors, however, argue that this is a biased measure of change in total factor productivity (TFP) 1 technology in the form of research and development over time (Mukherjee and Kuroda, 2003) . In microfinance context, higher TFP is desirable as it not only implies higher output from the application of technology and better utilization of resources but also leads to a reduction in poverty in rural areas (Fan et al., 2000) , a major policy objective of the MFIs. Therefore, it is highly important to evaluate long-term performance of these unique type of institutions. This will help devise appropriate policies for the expansion of the microfinance markets so that MFIs' potential to support growth of the developing economies can be enhanced. The paper is organized as follows. Section 2 provides a brief literature survey on the measurement of productivity change mainly using the DEA approach. Section 3 discusses the methodology employed to construct the TFP indices and associated efficiency decompositions. Section 4 describes the data, its construction and the variables used for the analysis. Section 5 reports and interprets the results of TFP growth and its components. Finally, Section 6 provides conclusions and draws policy implications.
Literature
The microfinance impact evaluation literature is literally huge. (Kipesha, 2012) .
Efficiency studies based on accounting ratios
MFIs' performance is commonly measured by using various accounting ratios. 
Efficiency studies based on the non-parametric DEA Technique
The following studies have employed the non-parametric DEA approach to measure MFI efficiency. 
Efficiency studies based on the parametric SFA Technique
The SFA study of Hasan and Tufte (2001) examined the determinants of the Grameen Bank's cost inefficiency using branch-level cost data. The study estimated Grameen Bank's average inefficiency score to run between 3-6 percent and found female branches to be more efficient than other types of branches. The study also found that the age or size of a branch are insignificant to determine MFI efficiency. Desrochers and Lamberte (2003) 2006) is the only study that applied both the parametric and non-parametric approaches and noted that both approaches lead to similar estimates of MFIs efficiency.
MFI productivity and the Malmquist productivity index (MPI)
As noted above researches conducted on MFIs' productivity are quite limited. Again, those which 
Methodology
In the analysis, a non-parametric Data Envelopment Analysis (DEA) linear program (LP) approach is used to estimate the production technology of the MFIs and associated measures of productivity and efficiency. These are: (a) technical change (i.e., movements in the production frontier); (b) technical efficiency change (i.e., movements towards or away from the frontier); (c) scale efficiency change (i.e., movements around the frontier surface to capture economies of scale); and (d) mix efficiency change (i.e., movements around the frontier to capture economies of scope) (O'Donnell, 2010).
The Färe-Primont index of Total Factor Productivity
The TFP growth for a multi-input multi-output farm can be defined as (O'Donnell, 2010) 
is an output quantity index and
is an input quantity index.
Thus, TFP change can be expressed as a measure of output change divided by a measure of input change.
We use the Färe-Primont aggregator function that is non-negative, non-decreasing and linearly homogenous (O'Donnell, 2011b): 
Measures of efficiency
The following measures of efficiency change were computed by decomposing TFP changes (O'Donnell, 2012b): Q denotes maximum TFP that is possible using the technology available in
it  is the maximum aggregate output possible when using a scalar multiple of xit to produce qit; it Q and it X are the (output-mix and input-mix preserving) aggregate output and input quantities at the point of mix-invariant optimal scale (MIOS), which refers to a point where a ray through the origin is tangent to the mix-restricted production frontier; Eq. (6) presents the maximum aggregate output possible to produce by a given level of aggregate input. Eq. (7) shows efficiency derived due to economies or diseconomies of scale (i.e., by varying operation size). Eq (8) presents mix efficiency which is a measure of the potential change in productivity when restrictions on input and output mix are relaxed. Mix efficiency depends on the economies or diseconomies of scope in output produced. Finally, Eq (9) presents residual scale efficiency which is the ratio of TFP at a technically-and mix-efficient point to TFP at a point of maximum productivity, which is a scale effect (for full details of these measures see O'Donnell, 2012b).
3.3
The components of TFP change
The TFP indices presented in aggregate quantities in Eq. (2) are multiplicatively complete which can be decomposed as follows (O'Donnell, 2011b): 
Empirical estimation using Data Envelopment Analysis
The underlying assumption using DEA is that the (local) output distance function representing the technology available in period t takes the form (O'Donnell, 2011a):
The output-oriented problem involves selecting values of the unknown parameters in Equation (12) in order to minimize technical efficiency:
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The resulting LP is:
where Q is a J x Mt matrix of observed outputs, X is a K x Mt matrix of observed inputs, t is an Mt x 1 unit vector, and Mt denotes the number of observations used to estimate the frontier in period t (for details, see O'Donnell, 2011a). To compute the Färe-Primont aggregates, DPIN-V3 first solves the following LP (O'Donnell, 2011a):
The aggregated inputs and outputs of the Färe-Primont index are estimated as (O'Donnell, 2011a):
where α0, β0, γ0, δ0, η0, 0  solve equations (15) and (16) . DPIN-V3 uses sample mean vectors as representative output and input vectors in equations (15) and (16) . For computational details to estimate indices of productivity and efficiency measures using the DPIN-V3, see O'Donnell (2011a).
Data and variables
The data used in this empirical exercise are constructed from two different sources. MFI-level financial, portfolio and outreach performance data were collected from the MIX Market database. We also needed country-level macroeconomic data on exchange rate and inflation rate for variable adjustments. These data were gathered from the WDI (World Development Indicators) database of We applied data imputation technique to handle the unbalanced panel dataset as we needed to introduce duplicate observations and let the programme (DPIN V3) treat it as a balanced data set. To do so, we filled-in the blanks with available data from the adjacent available observations to make balance the panel. We mark these replicated rows because we remove these rows from the results page and then make the necessary calculations of the indices. It must be emphasized that these "replicated" observations used to fill-in the missing information have no effect on the calculations of the indices because these are the same data taken from the adjacent observations. However, we have used a consistent approach to replicate by taking values either from the following observation (i.e., after the blank space) or preceding observation (i.e., before the blank space) of the missing data cells.
This replication of existing data to fill-in the missing values allowed us to prepare a balanced panel dataset with total number of observations reaching 3,762 (= 342 MFIs × 11 years).
Specification of Inputs and Outputs
It is difficult to define inputs and outputs of financial institutions to measure productivity. However, literature suggests three common approaches to this problem: production approach, intermediation administrative expenses to assets ratio and operating expenses to assets ratio. But, we cannot use deposits as an output variable in this study as many MFIs in our sample do not take deposits. we divided the adjusted GLP values in local currency computed this way by the country-specific year wise exchange rates to get the adjusted GLP in USD. Adjusted GLP (in USD) computed this way thus should be quite close to the original GLP (in USD) but not necessarily the same. This method automatically solves our negative inflation effect on GLP as well, which is an added advantage. We did not require to adjust the ratio variables, as they are unit free.
Variable adjustments
Descriptions on the variables are provided in Table 1 . Table 2 presents the summary statistics of the input and output variables used in the analysis for the sample of 342 MFIs during the period 2003-2013. It is evident from Table 2 that the variables vary significantly within the sample. Evidently, the sample comprises of large as well as small MFIs measured in terms of, for instance, gross loan portfolio and the number of outstanding loans.
Total Factor Productivity growth in MFIs
The Although technical change grew @ 2.17 percent p.a., the observed TFP growth is supressed by consistently declining technical efficiency change @ 2.13 percent p.a. and scale efficiency change by 1.66 percent p.a. (Table 4) . Nevertheless, the mix-efficiency change grew @ 0.48 percent p.a., which has offset some of the negative influence of technical and scale efficiency changes on TFP (Table 4) .
These results are comparable with Hassan and Sanchez (2009) on MFIs from three regions: Latin America, Middle East and North Africa and South Asia. They, however, compared technical and scale efficiency by applying a different methodology and found that the source of inefficiency was purely technical rather than scale-based. Again, our results are slightly different from those obtained by Bassem (2014) who noted a decline in technological change, but an improvement in technical efficiency, and Babu and Kulshreshtha (2014) who noted an increase in technical efficiency but a decline in productivity. One plausible explanation for these differences in the results is that the present study neither focuses on MFIs from India nor from the MENA region only. In this study, we used a global dataset that contains high and low-performing MFIs functioning worldwide. Unlike the datasets they used, our dataset also includes MFIs of all types including NGO MFIs, NBFIs, banks, rural banks and cooperatives. Another plausible reason is that employing data from all types of MFIs might have distorted the impacts of technical progress. However, the general implication of these results is that although the MFIs are operating at a declining level of technical efficiency and at suboptimal scale, they are able to improve mix-efficiency change or economies of scope by changing optimal input and output mixes over time.
The productivity performance of the MFIs at the regional levels are similar to those observed at the global level and they are quite discouraging as well. Beginning with South Asia, we see that TFP 
Discussion and policy implications
The main objective of this study is to evaluate the long-term productivity performance To a large extent, MFIs still manage to function very well with subsidies, grants, donations and charity funds. Because the MIX Market does not report data on the subsidy and grant components, we could not adjust MFIs' revenue and expenditure data. Thus, our results need to be qualified by the limitation that we did not take subsidies, donations and grants into account while conducting this study. Again, due to data limitations we could not address the issue of looking into the determinants of MFI productivity and efficiency. We aim to address these issues with improved and purposively collected data in our future studies. 
